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(54) Tiae: ARTDFIQAL HEART VALVE ATTACHMENT APPARATUS 
(57) Abstract 

Heart valve attachment apparatus and methods that sig- 
nificantly reduce attachment times are provid&i. The apparatus 
and meUiods utilize a connector band to form an inteiface be- 
tween a unidirectional valve and a tissue annulus. The connector 
band is secured to the tissue armulus by retention fingers. 
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ARTIFICIAL HEART VALVE ATlj\CFt}4ENT APPARATUS 

Backtzround of t:he Inven"Cion 

This invention relates to apparatus and 
methods for attaching replacement heart valves . 
5 The replacement of a defective heart valve 

requires an open heart procedure in which the old. 
defective, valve is removed and replaced with an 
artificial valve. Generally, this orocedure requires 
the heart to be placed on a cardiopulmonary bypass 

10 (CPB) to allow the heart to be stopped and the new 
valve to be carefully sewn in place. 

This method of valve attachment, commonly 
known as suturing, is an effective method of attaching 
the new heart valve to the heart. However, it requires 

15 significant time and skill to complete. Therefore. 

extended CPB time is required. The extended CPB time 
associated with suturing, in conjunction with the 
complex nature of the procedure itself, may increase 
the likelihood of complications, including stroke, 

20 heart block and long patient recovery times. 

Therefore , it would be desirable to provide 
heart valve attachment apparatus and methods that 
significantly reduce attachment times. 
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Brief Descriprlon of the Drawings 

Tlie above and or her objeccs and advanrages of 
the invention will be apparent upon consideration of 
the following detailed description, taken in 
5 conjunction with the accompanying drawings, in which 
like reference characters refer to like parts 
throughout : 

FIG. 1 is an elevational view of a preferred 
embodiment of a heart valve according to the invention. 
10 FIG. 2 is an elevational view of the heart 

valve of FIG. 1 in a deployed position. 

FIG. 3 is an elevational view of another 
embodiment of a heart valve according to the invention. 

FIG. 4 is an elevational view of the heart 
15 valve of FIG. 3 in a deployed position. 

FIG. 5 Is an elevational view of a connector 
band according to the invention. 

FIG 6 is an elevational view of the heart 
valve of FIGS, 3 and 4 in a deployed position. 
20 FIG. 7 is an elevationaj. view of another 

embodiment of a heart valve according to the invention. 

FIG. 8 is an elevational, view of the heart 
valve of FIG. 7 in a deployed position. 

FIG. 9 is an elevational view of another 
, 25 embodiment of a heart valve according to the invention. 

FIG. 10 is an elevational view of the heart 
valve of FIG. 9 in a deployed position. 

FIG. 11 is an elevational view of another 
connector band according to the invention . 
30 FIG. 12 is an elevational viev/ of another 

connector band according to the invention . 

FIG. 13 is a top view of the connector band 

in FIG. 12. 

FIG. 14 is an elevational view of another 
35 embodiment of a heart valve according to the invention. 
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Summary of the Invenxion 

I-c is an object: of rhe invenrion ro provide 
hean:: valve atrachmenc apparatus and me-Dhods thar 
significantly reduce attachment ti;nes. 
5 A valve apparatus for deploying in. and 

securing to. a tissue annulus . includes: a uni- 
directional v&lve portion for passing fluid in one 
direction and obsrructing fluid in an opposite 
direction, a connector band located c ire umfe rent ially 

10 around, and attached to. the valve portion and a 

plurality of fingers located circumferent ially around, 
and attached to. the band. The fingers are adapted to 
secure the valve to the tissue annulus. 

In an alternative embodiment, a connector 

15 band can be deployed separate from the valve portion. 
After the band is deployed, a valves can be attached to 
the band by screws, pop rivets or other suitable 
attachment device or method. 

In another alternative embodiment, fingers 

20 can be implemented on the valve portion itself, thereby 
obviating the need for a connector band. 



Detailed Description of the Invent ion 

This invention relates to heart valves which 
are modified so that the valve can be attached to the 

25 heart without the need for suturing. Significant 
technology has been developed related co replacing 
sutures in bypass grafcing i.e. . attaching a tissue 
conduit to another with a mechanical connector rather 
than sewing the conduits to each ocher to form the 

30 anastamosis. Examples of such technology are found in 
commonly assigned United States Patent No. 5.976.178 
and co-pending commonly assigned patent applications 
08/839.199. 08/946.742. 09/016.721. 09/187.335. 
09/187,361 and 09/186.774. all of which are 

35 incorporated by reference herein in their entireties. 
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These references, ar leasx. in pare, disclose 
invenrions relat:ed -co methods and appara-cus for 
a-craching synthe-Cic or biological tissue grafts wirhout: 
•Che need for sutures. Portions of i-he references deal 
5 specifically with methods and apparatus for attaching 
synthetic or biological tissue grafts to a connector, 
which is then secured to a blood vesf^el e.g. . the 
aorta -- by using hooked or barbed fingers. In certain 
embodiments, the fingers are formed from an elastic 

10 material e.g. . nitinol wire. In these embodiments, 
the fingers may be stretched or otherwise manipulated 
to pierce the tissue graft and ret:ain the tissue graft 
with the hooked or barbed ends of the fingers. The 
elasticity of the fingers then causes the fingers to 

15 snap back such that the tissue graft Is secured to the 
connector. The connector is then connected to a blood 
vessel to complete an anastamosis. 

Alternatively, the fingers may be formed from 
relatively non-elastic stainless steel . In these 

20 embodiments, the fingers are deformed to properly 

engage the tissue graft and then mechanically crimped 
to seal the connector to the tissiie graft. 

The present invention pirovides methods and 
apparatus for using retention fingers, such as the 

25 fingers described above, to attach heart valves to 
hearts . 

FIG. 1 shows an artificial heam: valve 100 
' having a balloon expandable connector band 110 with a 

one-way valve portion 120 integrated within connector 

30 band 110. Valve 100 is positioned for deployment in 
the left ventricle outflow valve of a heart (this 
location illustrates only one possible exemplary 
embodiment of the invention; and is not intended to 
limit the invention to use only in the left ventricle 

35 outflow valve.) Connector band 110 preferably includes 
a series of retention fingers 130 with barbed ends -- 
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i.e. . rhe ends of rhe fingers have small projections 
■chat; secure rhe fingers ro their surface of 
engagement - - or , alternatively , hcokeci ends - - i.e., 
the ends of the fingers are bent - • . or a combination 
5 of the two, spaced substantially clrcumferentially 
around band 110. Each finger preferably is attached 
adjacent to one end of the length of band 110 and has a 
corresponding finger that opposes it and is attached to 
the other end of the lengch of band 110. Thus, when 

10 the length of band 110 is reduced, the ends of each set 
of corresponding fjngers 130 converge and engage the 
surrounding tissue . 

The invention operates as follows: first, 
valve 100 is positioned for securing to the tissue 

15 annulus that surrounded the old valve. Then, 

balloon 140 is preferably positioned through the 
orifice of valve 100. Balloon 140 is then expanded. 
The positioning and expansion of balloon 140 can be 
accomplished by methods that are known to those in the 

20 art and explained in more detail in the references 

which are incorporated by reference above e.g. . U.S. 
Patent No. 5.976. 178. 

Expansion of balloon 140 increases the 
circumference of band 110 to conform to, and 

25 substantially fill . the tissue annulus . As connector 
band 110 expands c j rcumferentially . It shortens in 
length -- i.e. , the dimension of band 110 that is 
substantially parallel t:o the blood flow. The 
shortening in length causes the bar-bed heads on each 

30 corresponding pair of retention fingers 130 to converge 
euid engage the surrounding tissue annulus . thereby 
securing valve 100 to the tissue annulus. When the 
heads of fingers 130 engage the tifssue annulus, they 
preferably remain there permanently. Valve 120, which 

35 may preferably be formed from porcine tissue, or other 
suitable natural or synthetic tissue, can be pushed out 
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of rhe way during expansion and rhcn narurally rerurns 
following expansion. 

FIG. 2 shows valve 100 afcer it: has been 
deployed. Band 110 may be formed from expandable metal 
5 i.e. , metal that has been perforated and cut in such 

a way that it can be expanded in one or more directions 
by deforming the metal in the vicinity of the cuts and 
perforations. This type of structure is frequently 
found in stents used to prevent collapses of tubular 

10 body structures: and band 110 could be a converted 
stent, possibly with some modifications. 
Alternatively, band 1 10 may be constructed from an 
expandable open mesh framework (sge mesh 360 in FIG. 3 
and 4) - - e.g.. a braid of nitinol . stiainless steel . 

15 tungsten wires or polymer strands which may be 

covered with a rubber- like web e.g. , of silicone 

It should be noted thcit; following expansion 
of band 110. the diameter of band 110 has increased, 
while the length of band 110 has decreased. As the 

20 length of band 110 is decreased, the barbed heads of 
axially opposite fingers 130 converge, engage the 
tissue annulus , and secure valve j 00 to the tissue 
annulus. The broadening and shoirtening of the black 
diamonds 160 shown in FIGS. 1 and .2 indicate the 

25 circumferential expansion and the lengthwise 

contraction of the metal. Follov/ing deployment, 
fingers 130 grab the tissue annulus and exert a force 
joining band 110 to the tissue annulus. The force 
exerted by the fingers on the tissue annulus forms a 

30 substantially leak -proof compression seal between 
band 110 and the tissue annulu.s. Thus, the tissue 
preferably forms a lip which abuts the valve 
portion 120 of valve 110. 

The outer walls of band 110 may include a 

35 gasket- like material. In an alternative embodiment, a 
separate gasket 1 50 (shown in FIG. I ) may be attached 
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around band 110. To furxher enhance rhe seal between 
band 110 and valve portion 120 the gasket- like 
material , or gasket 1 50 , preferably conforms to the 
existing tissue annulus and seals the new valve to the 
5 tissue annulus to protect against leakage around , or 

through , band 110. Gasket 1 50 may preferably be formed 
from a soft, deformable biocompatible material -- e.g. . 
polyurethane , silicone, dacron or other suitable 
material -- that readily conforms to existing tissue, 

10 yet provides a fluid-tight seal around valve 110. 

FIG. 3 shows another embodiment of an 
artificial heart valve 300 according to the principles 
of the invention. Valve 300 includes fingers 330 that 
are substantisuLly perpendicular to the length of 

15 band 310. 

FIG. 4 shows valve 300 after it has been 
deployed. Fingers 330 are shown secured to the tissue 
annulus by the barbed heads of fingers 330 and a 
compression seal is preferably formed between band 310 

20 and the tissue annulus. 

FIG, 5 shows one embodiment of an band 510 
suitable for deployment to attach to the tissue auinulus 
as shown in FIGS. 3 and 4. At this stage, fingers 530 
are parallel to the length of bsind 510. However. 

25 fingers 530 may be redirected radially outward, 
perpendicular to the length of band 510 by some 
suitable means. After redirection, fingers 530 may 
preferably appear similar to fingers 330 shown in 
FIGS. 3 and 4. Thereafter, band 510 can be further 

30 expanded such that fingers 530 engage, and are secured 
to, the tissue annulus. 

One advantage of the embodiment shown in 
FIG. 5 is that the band can be positioned using suture 
threads or other suitable devices which can be attached 

35 to rings 550. Rings 550 may be linked to the 
infrastructure of fingers 530. 



wo 00/64380 



PCTAJSOO/10081 



- 8 - 

Band 510 should preferably be expandable. 
Fingers 530 can be oriented outward before expansion 

e.g. , during production of band 510. Then, band 530 
Is positioned within the tissue annulus. Thereafter. 
5 fingers 530 are secured to the tissue annulus upon 
expansion of band 510. 

In an alternative embodiment of the 
Invention , a connector band can also be deployed 
separate from a valve. In this embodiment, a band, 
10 such as band 510, may first be expanded and secured to 
the tissue annulus at the required implant site. Then, 
the valve can be Incorporated into the band. To 
facilitate the connection of the band to the valve, the 
band may contain a number of holes or recesses adapted 
15 to receive screws from an implanted valve, or seats for 
rivets or clips which are used to secure the valve to 
the previously deployed band. Alternatively, rivets 
which require no -preformed seats, but are popped 
through a flat portion of the band may also be used to 
20 secure the valve to the band. Examples of 

recesses 350. 450 are shown in FIGS. 3 and 4. The 
recesses may preferably be located on the interior side 
of the band. 

FIG. 6 shows an exemplary valve 600 deployed 
25 in a left ventricle outflow valve of a complete heart. 
Valve 600 has fingers 630 similar to the valve shown in 
FIGS. 3 and 4. Balloon 640 is shown as exiting from a 
guide catheter 660, as is known in the art. One way to 
guide balloon 640 is by markers 650 which are 
30 Implemented on balloon 640. as is known in the art. 
Markers 650 allow the balloon to be positioned using 
x-rays or fluoroscopically . Once a desired position 
for balloon 640 is achieved, balloon 640 is expanded, 
and valve 600 is secured to the tissue annulus. In one 
35 embodiment , the old valve may not require removal , but 



may Jusr be compressed our of rhe way by expanding The 
new valve. 

FIG. 7 shows an embodlJiien'C of a non -expanding 
valve 700 according t:o the principles of rhe Invention. 
Valve 700 preferably includes fingers 730 that are 
oriented in a direction that Is substeintially parallel 
to the length of band 710 and are oriented in the 
direction of the blood flow. The exact orientation of 
the fingers can be configured before insertion. In 
this embodiment, once valve 700 is positioned within 
the tissue annulus, the surrounding tissue can be 
pulled up and over each retention finger. The tissue 
can be manipulated using a tweezers or other suitable 
tool. 

The fingers described throughout this 
application are preferably formed from an elastic 
material e.g. , nitinol. The elasticity of the 
material allows the fingers to be expanded without 
undesirable deformation. The fingers may be heat-set 
to be flat against the length of band 710. or to be 
slightly projecting out from hand 710. During 
deployment through expansion of fingers 730, each flat 
individual finger 730 may be temporarily erected 
simultaneous to the tissue from the tissue annulus 
being pulled up and over the erected fingers. 
Theresifcer. fingers 730 are released. When released, 
fingers 730 snap back to their original position, 
compressing and securing the tissue annulus to 
valve 700. 

In an alternative embodiment of valve 700. 
retention fingers 730 may preferably be formed from 
relatively non-elastic, preferably annealed, stainless 
steel. Each finger is erected before deployment. 
Then, once the tissue annulus is pulled up and over 
each finger 730 such that the tissue annulus is pierced 
by each finger 730. the finger is crimped down against 



I 
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the valve body ro secure the tissue annulus to 
valve 700. 

FIG. 8 shows valve 700 after it has been 
deployed within the tissue annulus. In FIG. 8, 
5 fingers 730 secure valve 700 to the tissue annulus. 

FIGS. 9 and 10 show a valve .900 with 
fingers 930 oriented in a direction that is parallel to 
the length of band 710 but. unlike valve 700. is 
substantially opposite to the blood flow. One 

10 advantage of this embodiment is that fingers 930 are 
oriented in the direction of insertion which, in the 
case of the left ventricle outflow valve, is opposite 
the blood flow. Thus, the orientation of fingers 930 
allows the surgeon to more readily advance the valve 

15 into the tissue gmnulus and to engage and secure the 
valve to the annulus . Another advsintage of valve 900 
is that the deployment of valve 900 does not require a 
tool to pull the flesh of the tissue annulus over the 
finger heads. Rather, valve 900 can be directly 

20 engaged to the tissue annulus by applying pressure to 
valve 900 opposite the direction of the blood flow. 

FIG. 11 shows an embodiment of a preferably 
non-expsuidable connector band 1110 for use in the 
valves shown in FIGURES 7-10. When band 1110 is 

25 inserted into the tissue annulus . Fingers 1 1 30 and 
arches 1 1 40 are caused to proj ect outwards from 
band 1110. Fingers 1130 may be caused to project 
outwards when they are formed in the production 
process. When the band is expaindable, it may be 

30 positioned within the tissue annulus, and, thereafter, 
the fingers are secured to the tissue annulus upx^n 
expansion of the band. 

FIG. 12 shows yet another embodiment of a 
valve 1210 according to the present invention. In 

35 valve 1210, fingers 1230 are oriented in a 
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c±rcumferem:ial dlrecrion around rhe circumference of 
valve 1210. 

Valve 1210 operates as follows: first:, 
valve 1210 is positioned in the tissue annulus. This 
5 can be done by rotating valve 1210 into position (in 
the exemplary valve shown in FIG. 12. this requires a 
clockwise rotation around central longitudinal 
axis 1270) so fingers 1230 do not engage the tissue 
annulus. Then, valve 1210 is rotated in a 

10 counterclockwise direction around central longitudinal 
axis 1270. This rotation causes fingers 1230 to pierce 
the tissue guinulus. Thereafter, fingers 1230 return to 
their original position (or. in the case of stainless 
sT:eel fingers, the fingers are mechanically crimped to 

15 return to their original position) and the valve 1210 
is secured to the tissue annulus. Rotation of 
valve 1210 can be accomplished using a tool which may 
be designed to rotate valve 1210 or with another 
suitable technique. 

20 FIG. 13 shows an end view of valve 1210. In 

this view, fingers 1230 are shown in a substantially 
fully expanded state. 

FIG. 14 shows another alternative embodiment 
of the invention wherein the fingers 1430 are 

25 preferably placed on the heart valve 1410 directly. 

without the interface of the connector band. In this 
embodiment, the fingers are distributed 

circumferential ly around the heart valve, and the heart 

valve is inserted directly into the tissue annulus. 
30 Fingers 1430 may preferably be attached to hegurx 

valve 1410 in any of the possible configurations 

described herein. 

In addition, though fingers 1430 are shown as 

hooked and barbed, they may be either hooked or barbed. 
35 As mentioned above, this feature of hooked and/or 
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barbed fingers may preferably be used in each 
embodiment of i:he invention. 

Each of the artificial heart valve attachment 
apparatus described herein preferably allows a 
replacement valve according to the invention to be 
implsinted surgically or percutsmeously . 

The diameter of an exemplary expandable valve 
and/or connector band, like the valves and bands 
described herein in accordance with the present 
invention, is preferably between 3 and 5 millimeters 
before expansion . After expansion . the diameter of the 
valve and/or band is preferably between 15 and 
20 millimeters. The length of the valve and/or band is 
preferably between .75 and 2 inches before expansion, 
and, after expansion, is preferably between .5 and 
1 . 5 inches . 

Materials that are suitable for use in a 
connector band according to the invention and as 
described herein, preferably include stainless steel or 
tantalum. These materials are relatively easily 
yieldable under balloon pressure when constructed as 
described above with either a bio -compatible mesh or 
with perforations, and are substantially radiopaque. 
The preferably substantially uni -directional valve 
element itself is flexible, preferably porcine, tissue 
(the valve element may allow for a minimal backflow of 
fluid upon the change in direction of fluid flow) . The 
valve in the embodiment described above in which the 
connector band is deployed separate from the valve, is 
preferably a rigid valve formed from a suitable bio- 
compatible material -- e.g. . stainless steel -- which 
may provide improved connectability with the connector 
band. 

In addition, for the embodiments of the 
invention described herein, the number of fingers 
required may preferably be between 10 and 40 barbed or 



wo 00/64380 



PCT/USOO/10081 



- 13 - 

hooked fingers around t:he circumference of the valve, 
and mosr preferably 24 fingers. As mentioned above, 
the fingers may be formed from a variety of substances, 
including, but not limited to. nitinol or stainless 
5 steel . 

Thus , an artificial heart valve attachment 
apparatus and methods that significantly reduce 
attachment times is provided. Persons skilled in the 
art will appreciate that the present invention can be 
10 practiced by other than the described embodiments. 

which are presented for purposes of illustration rather 
than of limitation, and the present invention is 
limited only by the claims which follow. 
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WHAT IS CLAIMED IS: 

1 . A valve apparatus for deploying In , and 
securing to, a tissue auinulus, said valve comprising: 

a uni -directional valve portion for 
passing fluid in one direction and obstructing fluid in 
an opposite direction; 

a connector band located 
circumferentially around', and attached to, said valve 
portion ; and 

a plurality of fingers located 
circumferentially around, and attached to. said band, 
said fingers being adapted to secure said valve to said 
tissue annulus. 

2 . The valve of claim 1 . wherein said 
fingers are adapted to secure said valve to said tissue 
annulus upon expansion of said band, 

3 . The valve of claim 1 , wherein said 
fingers can be expanded from a first position adjacent 
to said band» engaged to said tissue annulus. and 
returned to said first position following said 
engagement, thereby securing said band to said tissue 
suinulus . 

4 . The valve of claim 1 , wherein said 
fingers are formed from an elastic material. 

5 . The valve of claim 1 , wherein said band 
comprises a gasket located around an outer 
circumference of said band, said gasket for sealing 
between said band and said tissue annulus . 

6 The valve of claim I , wherein said 
fingers are hooked. 
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7 . The valve of claim 1 . wherein said 
fingers are barbed. 

8. The vsJ.ve of claim 1 . wherein said 
fingers are barbed and hooked. 

9 . The valve of claim 1 , wherein said 
fingers are subst:ani:ially parallel to a central 
longitudinal axis of said band. 

10. The valve of claim 1 , wherein said 
fingers are substantially perpendicular to a central 
longitudinal axis of said band. 

11. The valve of claim 1 , wherein said band 
is expandable. 

12. A method for attaching a uni -directional 
valve to a tissue annulus, said valve having a 
connector bauid attached circumferential ly around said 
valve, said band having fingers attached 
circumferentially around said band, said method 
comprising : 

positioning said uni -directional valve 
within said annulus; and 

engaging said fingers to said euinulus 
such that said fingers secure said valve to said 
annulus and such that said valve controls the flow of 
fluid through said annulus. 

13. The method of claim 12 the engaging 
further comprising engaging such that said valve 
permits substantially only uni -directional flow through 
said annulus. 
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14. The merhod of claim 12 wherein said 
poslrlonlng comprises expanding said valve such that 
said valve substiantially fills said annulus and wherein 
said expanding occurs before said engaging . 

15. The merhod of claim 12 wherein said 
posi-cloning comprises expanding said valve such rhar 
said valve substantially fills said annulus and wherein 
said expanding occurs before said engaging. 

16. The method of claim 12 wherein said 
engaging is caused by expanding said valve such that 
said valve substaintially fills said annuliis. 

17. The method of claim 12 wherein said 
engaging further comprises expanding said fingers for 
engaging said fingers to said annulus. 

18. The method of claim 12 wherein said 
engaging further comprises expanding said fingers amd 
rotating said valve to engage said fingers to said 
annulus . 

19. The method of claim 12 wherein said 
engaging said fingers to said annulus comprises 
repeatedly pulling a single portion of said annulus 
onto at least a single one of said fingers. 

20. A connector band for providing an 
interface between a unl- directional valve and a tissue 
annulus, said band comprising: 

a wall for location clrcumferentlally 
around, and attachment to, said valve, said wall having 
a plurality of recesses for receiving said valve; and 

a plurality of fingers located 
clrcumferentlally around, and attached to, said wall. 
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said fingers being adapred ro secure said band "to said 
rissue annulus. 

21. The valve of claim 20. wherein said band 
is expandable. 

22. The band of claim 20, wherein said 
fingers are adapred ro secure said band to said tissue 
annulus upon expansion of said band. 

23. The valve of claim 20, wherein said 
fingers can be expanded from a first position adjacent 
to said band, engaged to said tissue annulus, and 
returned to said first position following said 
engagement, thereby securing said band to said tissue 
einnulus . 

24 . The valve of claim 20 , wherein said 
fingers are formed from an elastic material. 

25. The valve of claim 20. wherein said bsmd 
comprises a gasket located around an outer 
circumference of said band, said gasket for sealing 
between said band and said tissue annulus. 

26. The valve of claim 20. wherein said 
fingers are hooked. 

27. The valve of claim 20. wherein said 
fingers are barbed. 

28. The valve of claim 20. wherein said 
fingers are hooked and barbed. 
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29. The valve of claim 20. wherein said 
fingers are substantially parallel to a central 
longitudinal axis of said band. 

30. The valve of claim 20. wherein said 
fingers are substantially perpendicular to a central 
longitudinal axis of said band. 

31. The valve of claim 20. wherein said 
recesses are adapted to receive rivets, said rivets 
being to attach said valve to said band. 

32. The valve of claim 20, wherein said 
recesses are adapted to receive screws, said screws 
being to attach said valve to said band. 

33 . The valve of claim 20 , wherein said 
recesses are for receiving clips, said clips being for 
attaching said valve to said band. 

34 . A method for attaching a uni -directional 
valve to a tissue annulus using a connector band 
attached circumferentially around said valve, said band 
having fingers attached circumferentially around said 
band, said method comprising: 

positioning said band within said 

annulus ; 

engaging said fingers to said annulus 
such that said fingers secure said band to said 
annulus ; and 

, attaching said valve to said band such 

that said valve controls the flow of fluid through said 
annulus . 

35. The method of claim 34 the engaging 
further comprising engaging such that said valve 
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permlrs subsran-cially only uni-direcrional flow rhrough 
said annulus. 



posit:ioning comprises expanding said band such that: 
said band subst:anrially fills said annulus before said 
engaging . 

37. The met:hod of claim 34 wherein 
positioning comprises expanding said band such that 
said band substantially fills said annulus simultaneous 
to said engaging. 

38. The method of claim 34 wherein said 
engaging is caused by expanding said band. 

39. The method of claim 34 wherein said 
engaging further comprises expanding said fingers for 
engaging said fingers to said annulus. 



engaging further comprises expanding said fingers and 
rotating said valve to engage said fingers to said 
emnulus . 

41. The method of claim 34 wherein said 
engaging said fingers to said annulus comprises pulling 
a portion of said annulus onto one of said fingers. 

42. The method of claim 34 said attaching 
further comprising riveting said valve to said band. 



36. 



The method of claim 34 wherein 



40. 



The method of claim 34 wherein said 



43. The method of claim 34 said attaching 
further comprising clipping said valve to said band. 
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44. The me-chod of claim 34 said arcaching 
further comprising screwing said valve to said band. 

45. A valve apparatus for deploying in, and 
securing to. a tissue annulus, said valve comprising: 

a uni -directional valve portion for 
passing fluid in one direction and obstructing fluid in 
an opposite direction; and 

a plurality of fingers located 
circumferentially around, and attached to, said valve, 
said fingers being adapted to secure said valve to said 
tissue annulus. 

46. The valve of claim 45, wherein said 
fingers are adapted to secure said valve to said tissue 
annulus upon deployment of said valve. 

47. The valve of claim 45, wherein said 
fingers can be expanded from a first position adjacent 
to said valve , engaged to said tissue annulus , and 
returned to said first position following said 
engagement, thereby securing said valve to said tissue 
annulus . 

48. The valve of claim 45, wherein said 
fingers are formed from an elastic material. 

49. The valve of claim 45, wherein said 
valve comprises a gasket located around an outer 
circumference of said valve, said gaisket for sealing 
between said valve and said tissue ainnulus. 

50. The valve of claim 45. wherein said 
fingers are hooked. 
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51. The valve of claim 45, wherein said 
fingers are barbed. 

52. The valve of claim 45, wherein said 
fingers are barbed and hooked. 

53. The valve of claim 45. wherein said 
fingers are subst:ant:ially parallel to a central 
longitudinal axis of said valve. 

54 . The valve of claim 45 , wherein said 
fingers are substantially perpendicular to a central 
longitudinal axis of said valve. 

55. A method for attaching a uni- directional 
valve to a tissue annulus. said valve having fingers 
attached circumferentially around said valve, said 
method comprising: 

positioning said uni -directional valve 
within said annulus such that said valve substantially 
fills said annulus; and 

engaging said fingers to said annulus 
such that said fingers secure said valve to said 
annulus and such that said valve controls the flow of 
fluid through said annulus. 

56. The method of claim 55 the engaging 
further comprising engaging such that said valve 
permits substantially only uni -directional flow through 
said sinnulus. 

57. The method of claim 55 wherein said 
engaging further comprises expanding said fingers for 
engaging said fingers to said annulus. 
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58. The met;hod of claim 55 wherein said 
engaging fiircher comprises expanding said fingers and 
rot:at:ing said valve to engage said fingers ro said 
annulus . 

59 . The method of claim 52 wherein said 
engaging said fingers to said annulus comprises 
repeatedly pulling a single portion of said annulus 
onto at least a single one of said fingers. 
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